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(54) Low-substituted hydroxypropyl cellulose 

(57) The present invention provides low-substituted 
hydroxypropyl cellulose exhibiting good granulation 
characteristics and tablet properties. Specifically, there 
is provided low-substituted hydroxypropyl cellulose hav- 
ing a hydroxypropoxyi content in the range of 5.0 to 
16.0% by weight and an apparent average degree of 
polymerization in the range of 350 to 700. 
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Description : • > 

RACKGROUNH OF THE INVENTION . •, : 

5 1 . Field of the invention : - . - - 

[0001] This invention relates to low-substituted hydroxypropyl cellulose having good granulation characteristics and 
tablet properties. : '■ . ■■. : . 

10 2. Description of the related -art ; . . ■ 

[0002] Hydroxypropyl cellulose is a nonionic polymer derived from cellulose by etherifying hydroxy! groups of its 
constitutional glucose (CeH 10 O 5 ) units With, hydroxypropyl groups, and is being used in a wide field of application owing 
to its diverse characteristics. . - ; . . . 

15 [0003] Generally, hydroxypropyl cellulose is a compound having a hydroxypropoxyl. content of 50 to BO /c by weight. 
A compound having a hydroxypropoxyl content of, 5,0 to 16.0% by weight is called "lo'w-substituted hydroxypropyl cel- 
lulose" and its properties are -different- from those of-ordinary hydroxypropyl cellulose. 

[0004]' One difference between.them lies in- solubility in water. Specifically, hydroxypropyl cellulose is soluble in 
water whereas low-substituted hydroxypropyl cellulpse is insoluble in water but swells by absorption of water. By taking 
advantage of this property, ^substituted hydroxypropyl cellulose is usedchiefly as a disintegrator for oral solid phar- 
maceutical preparations. * . . . . ? — . , .-. , ; 

[0005] - Moreover since low-substituted hydroxypropyl cellulose is in fibrous form and hence serves to increase the 
hardness of tablets, it can be used as a dry .binder. .FurthermorepSin.ee /its kneaded mixture with water has binding prop- 
erties, it can also be used as a wet binder. 
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SUMMARY OF THE INVENTION 



[0006] Generally wet granulation is employed to improve -the fluidity a raw powder material having poor fluidity. 
However, the properties (i.e., particle size distribution -and strervgth),. of- the resulting granular product, as well as the 

30 hardness and disintegrability of tablets formed therefrom, are primarily affected by. the properties of the binder. . 
[0007] In the case of low-substituted hydroxypropyl cellulose, 'its degree of .substitution .and particle size have been 
considered to be important factors affecting. its ; binding properties, However, it has frequently been recognized that, 
even if these factors are controlled, the disintegration; of tablets .may be delayed as a resujt of abnormally advanced 
granulation of the hardness of tablets may be reduced- as a result : of unsatisfactory granulation characteristics.. 

35 [0008] • In :order ^overcome these disadvantages of the prior art, the present inventors .made intensive investiga- 
tions and have now found-that the. degree of polymerization or molecular weight of low-substituted hydroxypropyl cellu- 
lose affects its binding properties in wet. granulation. The. present invention, has been completed, on the basis. of. this 

finding. - . : ' ■ "~ 1 * , . t - . 

[0009] The present invention provides low-substituted hydroxypropyl cellulose having a hydroxypropoxyl content, in 
40 the range .of 5.0 to 1 6.0% by weight and an apparent average -degree of polymerization in the range of 350 to 700. . 
[0010] Good granulation characteristics and tablet properties can be obtained by using the low-substituted hydrox- 
ypropyl cellulose of the present invention. \ y -\ • 

DETAILED DESCRIPTION OF PREFERR ED EMBODIMENTS, - 

[0011] The present invention is more specifically described. hereinbelow. - ~ 

[0012] : The low-substituted hydroxypropyl cellulose of the present Jnverition has a hydroxypropoxyl .content in the 
range of 5.0 to 16.0% by weight.-. . • * \ ' ■ ~ ' - ' - 

[0013] The hydroxypropoxyl content can be determined according to .the method of quantitative determination 
so described in the Japanese Pharmacopoeia under the head, of "Low^ substituted Hydroxypropyl Cellulose". . ■ 
[001 4] The apparent average degree of polymerization of the-low-substituted hydroxypropyl cellulose otthe "present 

•invention is explained below? - - 4 • t - 

[0015] It is generally known that -the degree of polymerization (or molecular weight) of a binder affects its binding 

.power. This is believed to be due to the fact that .-a common ^binder- exhibits a binding effect by dissolving in a solvent 
55 - such as water, and:the viscosity of the resulting solution depends on the degree of polymerization. However, since low- 

• substituted hydroxypropyl cellulose-does not dissolve- in the solvent-even in the case of wet granulation, 'its degree of 
polymerization has not been considered to be directly related tq-its granulation characteristics. Accordingly, no investi- 
gation has yet been made as to the relationship between the degree of polymerization (or molecular weight) and the 
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1 granulation characteristics of low-substituted hydroxypropyl cellulose. 

[0016] The present inventors have surprisingly found that low-substituted hydroxypropyl cellulose having a specific 
degree of polymerization offers stable granulation characteristics, even though it does not dissolve in solvents. The rea- 
son for this is believed to be that low -substituted hydroxypropyl cellulose exhibits its binding properties by a mechanism 

5 different from that of common binders. 

[0017] In the present invention, the apparent average degree of polymerization of low -substituted hydroxypropyl 
cellulose is defined to be a value calculated as the average degree of polymerization when it is determined according 
to a method similar to the method for determining the average degree of -polymerization of celiulose-(puip) constituting 
the raw material for low -substituted hydroxypropyl cellulose as described in the official compendium (ASTM D 1795-62). 

w [0018] This method comprises obtaining a relative viscosity from the kinematic viscosity of a solution of a sample 
in a cupri-ethylenediamine reagent solution and the kinematic viscosity of the solvent, calculating an intrinsic. viscosity, 
therefrom, and multiplying it by a factor to determine the average degree of polymerization. Since the factor used in this 
method is the factor defined for cellulose, it is necessary tb-defifi'e another factor for low-substituted hydroxypropyl cel- 
lulose. However, iow-subst'ituted hydroxypropyl 1 cellulose is a compound into' which only a slight quantity, of substituent 

15 groups are introduced. Accordingly, on the assumption that there will be no significant difference as compared:with cel- 
lulose, the apparent average degree of polyrherization is determined by using the factor'for cellulose directly. 
[0019] The low-substituted' hydroxypropyl cellulose of -the •present invention has an apparent average degree of 
polymerization in the range of 350 to 700 and- preferably 400 to 600,- The apparent average degree of polymerization 
can'be controlled suitably by degree of polymerization for the starting material; reaction temperature, reaction time, and 

20 other process parameters in the process for preparing the low-substituted hydroxypropyteellulose/ If the. apparent aver- 
age degree of polymerization is less than 350/ granulation by sfifrlng/may be advanced. to an abnormal extent, resulting 
in an increased strength of the granular product and hence a prolonged disintegration time of the tab lets formed there- 
from. On the other hand, if the apparent average degree o^polymerizatidn is-' greater than 700, granulation may not pro-; 
ceed satisfactorily, resulting in an insufficient St re ngtrrofthe granular product ferid hence an insufficient hardness of the 

25 tablets formed therefrom. - ' ^ " * ; * : 

[0020] In addition to the above-described properties, the low-substituted hydroxypropyl cellulose of the present 
invention preferably has a volume-average particle size (diameter) of 10 to 100 urn in use of -k dry "type laser diffraction 
method. If the average particle size is less than this range, the low-substituted hydroxypropyl cellulose has been pulver- 
ized so vigorous^ that it may be difficult to maintain the apparent ave^rage degree'ol polymerization inihe range of J3$p 

30 to 700 and, therefore, its bin ding properties may be abnormally enhancecTih wet-'granulation. On the.other hand, if the 
- average particle size is greater than this range, the low 1 substituted hydroxypropyl cellulose may be unsuitable for wet 
granulation. The drytype laser diffraction "met hod* means : the methotfwriereirr the Volume-average particle size is meas- 
ured based on the diffraction intensity wheV) the" 1 laser- is applied to'the powders -Wftich hasbeen jetted by a r compressed 
air. A laser diffraction type-particle size analyzer man ufaclu red by Rodos & Helos, Inc. "is 'exemplified. According to, for 

35 example, page 56 of "Kaitei Zorio Funtai Bussei ZuVetsu^(revised^antf : 'enlarged e^drtion of Illustration of Powder Proper- 
ties" edited by Funtai Kogakukai and Nippon Funtai Kogyogijufsu Kbybkai, published by Nikkei Gijutsu-Tosho Co.^Ltd.-, 
1 985, the volume-average particle size Is calculated by 1 {£<nD 3 )?l:n}^ 13 Wherein D is a-:particle diameter; n is. the number 
of particles having the particle diameter/ and £n \b a total number of -p articles. - * ~ ./ ■ 

[0021] Moreover, the bulk density (densified) is preferably in the range of 0.4 to 0.B g/ml. if the bulk density (densi- 

40 fied) is less than 0.4 g/ml, the low-substituted hy^rbxypfd^yl-ceHulose may have poor fluidity and be hence unsuitable 
for practical purposes. On the other hand, if the 'bulk 1 density '(densified) is greater than 0.8 g/ml, the low^substituted 
"hydroxypropyl cellulose 'may "ffi'H to achieve a sufficie ht=h"aYdhess dUnng compaction; - . ... 

[0022] The bulk density can be measured in the following manner. A sample is uniformly fed, from. 23 cm above, 
into a cylindrical vessel having a diameter of 5.03 cm and a height of 5.03 cm (hence a volume of 100 ml) through a JIS 

45 (Japanese Industrial standard) 22 -mesh (710u.m) screed AfterJ-its upper iurface"is* leveled^ the vesseCif fitted With a 
special-purpose cap supplied together with the powder tester by Hosokawa Micron Corporation, and the powder is 
added up to its upper edge. Then, the vessel is tapped 1'80 -times from a tapping height'of 1.8 cnvjfhereafter, tire-cap 
Is removed 1 and'the powder is leveled at the upper edge of the vessel and weighed. The measured* value obtained in 
this state is regarded as the bulk density. This procedure can be carried out by use of the powder tester (PTD) marvu- 

50 factured by'Hosokawa' Micron-Corporation. *"""'-" — - : - " ' /.**■". 

[0023] No particular limitation is placed -oh the^method for granulating "the low^Substituted hydroxypropyl cellulose 
of the present "invention, and any well-known fnethodtnaybe employed^ " ' ■ ■- 1 . 

[0024] Similarly, no particular limitation is placed on the method for forming the low-substituted hydroxypropyl -cel- 
lulose of the present invention into tablets, and any well-known method may be employed. - ■ 

55 '[0025] In addition to the 'low-substituted^ycfrdxypro^yl-'c^irulose of the-presefit invention, the tablets may contain, 
for example, active ingredients, lubricants (e.g.; magnesium stearate),- excipients'(e.g., corn starch *and-lactose) r arrd 
other disintegrators and binders. Although no part icu lap imitation isplaeetton the cbntentof the low-substituted hydrox- 
ypropyl cellulose of the present invention in thetabiets- il^s "preferably" in the range of 5:to 50% by weight. 
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[0026] The present invention is more specifically_exp[ained with reference to the following examples and compara- 
tive examples. However, these examples are not to be construed to limit the scope of the invention. 

Example i *' 
5 * ■ 

[0027] Wood pulp was soaked in a 49 wt% aqueous solution of sodium hydroxide and theri" pressed to obtain alkali 
cellulose. Eight hundred grams (800 g)*of this alkali cellulose was charged"into a reactor, a'nd its atmosphere was 
replaced with nitrogen. After the addition of 85.6 g of propylene oxide, the resulting mixture' was reacted, with stirring, 
at 40 C C for i hour and then at 70°G for 1 'hour. The reaction mixture was poured into a 5 litre double-arm kneader con- 
ic taining 2 litres of hot water at 65°C, kneaded therewith for about i 0 minutes, and neutralized with acetic acidto crystal- 
lize the reaction product. This reaction product was washed with hot water at 90°C, dehydrated by pressing, dried, and 
then pulverized with a high-speed rotary impact pulverizer to obtain a low-substituted hydroxypropyl cellulose having a 
hydroxypropoxyl content of 1 1 .0% by weight and an apparent average degree of polymerization of 530. 

15 Examples 2-5 end Comparative Example's 1-3 '* 

[0028] Low-substituted hydroxypropyl celluloses were prepared in the same manner as in-Example 1 , except that 
the hydroxypropoxyl content and the* apparent average- degree of polymerization were varied. The results thus obtained 
are shown in Table 1 . '* 

20 [0029] With respect to the low-substituted hydroxypropyl celluloses obtained in. the foregoing examples and com- 
parative examples, measurements were made underjthe following conditions. 

1) Granulation by stirring 



25 [0030] 70% by weight of lactose and 30% by weight of a low-substituted hydroxypropyl cellulose were mixed, and 
200 g of the mixture was„placed in a stirring granulation apparatus (Vertical Granulator VG-25, manufactured by Powrex 
Corporation) and subjected.to stirring granulation by using hydroxypropyl cellulose (140 g of a 1 : wt% "aqueous solution 
of HPC-L, manufactured'by Nippon Soda Co., Ltd.) as the binder. The granular product ivas dried by allowing it to stand 
at 60 C C overnight. The particle size distribution otthe granular.product.was,.analyzed by. sieving and used to determine 

30 the average particle size. 

2) Tableting test ~ : • \ 

[0031] The granular product was blended with 0.5% by weight of magnesium stearate, and this blend was formed 
35 (under a tableting pressure of 1 metric ton) into tablets Js "mm Tn/Sarrieter) by means of a rotary tablet machine. The 
hardness of the tablets was measured with an Erweka hardness tester, and the disintegration, time thereof was meas- 
ured according to theJmethbd describedin thevlapanese Pharmacopoeia. The" results .thus obtained are shown in Table 
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[0032] As can be seen from Table 1 , low -substituted hydroxypropyl cellulose having an apparent average degree of 
polymerization adjusted to a value of 350 to 700 offers good granulation characteristics and tablet properties. 
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Claims 

1. Low-substituted hydroxypropyl cellulose having. a Jiyo'roxypnopoxyi content in the range of 5.0 to 1.6:0% by weight 
and an apparent average degree of polymerization in the range of 350 to 700. 

5 - 

2. Low-substituted hydroxypropyl cellulose according to Claim 1 having said apparent average degree of polymeriza- 
tion in the range of 400 to 600. ~ 

3. Low-substituted hydroxypropyl cellulose according to Claim 1 or 2, further having a volume-average particle size of 
70 10 to TOO \irr\ in use of a dry type "laser diffraction method. 

4. Low-substituted hydroxypropyl cellulose according to any one of Claims to 3, further having a densified bulk den- 
sity in the range of 0.4 to 0.8 g/ml. 

75 5. Low-substituted hydroxypropyl cellulose according to any of Claims 1 , 2 or 4, further having a voiume-average par- 
ticle size of 1 0 to 1 00 jam as measured by a dry type laser diffraction method. . ,' 

6. Low-substituted hydroxypropyl cellulose according to any of Claims 1 , 2 or 4, further haying a volume- average par- 
ticle size of 1 0 to 1 00 um. 
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7. A tablet containing the low-substituted hydroxypropyl cellulose according to any preceding, claim. - - : 

8. A tablet according to Claim 7 containing 5 to 50 % by weight of the low-substituted hydroxypropyl cellulose. 
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